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Measuring functional diversity using remote sensing
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• Functional diversity
→ Measuring diversity using functional traits
→ Morphological, physiological and 

phenological traits
→ Derived from remotely sensed data
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Airborne and spaceborne systems
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Sensor Airborne Prism Experiment APEX ESA’s Sentinel-2A and 2B
Temporal 
resolution

2 – 6 campaigns per year repeat cycle: 10 days with one satellite and 
5 days with 2 satellites

Spatial 
resolution

2 m pixel size 10 m, 20 m and 60 m pixel size

Spectral 
resolution

284 spectral bands 13 spectral bands

http://www.apex-esa.org/content/imaging-spectroscopy/
https://de.wikipedia.org/wiki/Sentinel-2#/media/File:Sentinel_2-IMG_5873-white.jpg
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Scaling functional diversity to Sentinel-2
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Spectral Resolution Spatial Resolution

A20
13 bands

20 m pixels

2. Spatial resampling1. Spectral convolution

A2
13 bands
2 m pixels

Sentinel-2 data
preprocessing

APEX data
284 bands
2 m pixels

APEX data 
preprocessing

S20
13 bands

20 m pixels

Helfenstein, I.S., Schneider, F.D., Schaepman, M.E. & Morsdorf, F. (2022): Assessing biodiversity from space: Impact of spatial and spectral resolution on trait-based 
functional diversity. Remote Sens. Environ. 275, 113024.
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Spectral indices as proxies for physiological traits
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• 18 spectral indices as proxies for chlorophyll 
content, canopy water content, red 
pigments (anthocyanin content, carotenoid 
content, carotenoid/chlorophyll ratio)

Conditions:
1. supported by the spectral resolution of the 

Sentinel-2 MSI sensor
2. high correlation when linked to the same trait, 

but not between traits
3. high correlation between datasets A20 and S20
4. suitable at different spatial scales
Results:
Chlorophyll: CIre, NDRE2, Cig
Red pigments: CCI, PSRI
Water content: NDWI, NDII
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Physiological trait maps
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Impact of spatial resolution on variance of physiological traits
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Impact of sensors on physiological traits
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Functional diversity metrics
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• Functional Richness
= measure of extent
→ How many different value are present?

• Functional Divergence
= measure of distribution
→ How are the different values organized?
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• New value range
• Interpretation of large scale patterns
• Interpretations of results: increase around

‘hotspots’
• Mixed-pixels around forest edge and gaps

→ Increase in functional richness
• Richness-area relationships change with pixel

size

Physiological diversity maps
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Physiological diversity maps
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• Values comparable through scale
• Interpretation of large scale patterns: increase

of functional divergence at transition of
communities

• Mixed-pixels around forest and gaps
→ Decrease in functional divergence

• Stabilization of divergence at > 3 pixel radius
→ Minimum calculation area

Physiological Divergence
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Functional Diversity using Sentinel-2 imagery
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• Observing functional diversity continuously in 
time and space using satellite imagery

• Functional diversity metrics depend on the 
size and number of pixels

• Minimum calculation area with 60 m radius or 
1.1 ha recommended

• Importance of spatial and spectral resolution 
when scaling diversity assessments to 
landscape scales

• Promising applications at landscape scales
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Poster

A2.03 Ecosystem Resilience
Topography and stand characteristics 
controlled forest response to the 2018 
drought in Switzerland
Sturm, J., Santos, M.J., Schmid, B., Damm, A.

14
Sturm, J.T., Santos, M.J., Schmid, B. & Damm, A. (2022): Satellite data reveal differential responses of Swiss forests to unprecedented 2018 drought. Global Change 
Biology, Vol. 28 (9), 2956-2978.
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Functional diversity at landscape scale using Sentinel-2 imagery
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• Observing functional diversity continuously in 
time and space using satellite imagery

• Functional diversity metrics depend on the 
size and number of pixels

• Minimum calculation area with 60 m radius or 
1.1 ha recommended

• Importance of spatial and spectral resolution 
when scaling diversity assessments to 
landscape scales

• Promising applications at landscape scales

Thank you for
your attention! 
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